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Abstract
Aim:  Dental plaque has a harmful influence on 
periodontal tissue. When a porcelain restoration 
is fabricated and refinishing of the glazed surface 
is inevitable, the increase in surface roughness 
facilitates the adhesion of plaque and its 
components. The aim of this in vitro study was to 
evaluate the effect of surface roughness of glazed 
or polished porcelain on the adhesion of oral 
Streptococcus mutans.
Methods and Materials:  A total of 80 metal-
ceramic specimens were prepared in the form of 
disks from two porcelain materials and divided 
into four groups according to the method of 
surface finishing. Surface roughness values 
(Ra-µm) for all specimens were recorded using 
a profilometer. S. mutans bacteria were isolated 
from saliva and all specimens were inoculated 
in test tubes containing a bacterial suspension 
allowing adhesion of the microorganisms to the 
specimens to occur. After incubation for 24 hours 
at 37°C, the specimens were transferred to a 
sterile saline solution and an inoculum of 0.1 ml 
from each selected dilution was spread on the 
selective medium, mitis salivarius bacitracin agar 
(MSB). Bacterial counts, expressed in colony 
forming unit (CFU) taking into consideration the 
dilution factor, were recorded.
Results:  There was significant correlation 
(p<0.05) between surface roughness values (Ra-
µm) and the amount of bacterial adhesion (CFU × 
103). The glazed surface was the smoothest and 
exhibited the least amount of bacterial adhesion.
Conclusions:  A positive correlation between 
surface roughness and the amount of S. mutans 
adhesion was observed. The glazed porcelain 
surface was considered more biocompatible than 
other methods of porcelain surface finishing.
Clinical Significance:  Chairside adjustments 
of the cervical contour or occlusal surface of 
porcelain restorations are sometimes necessary 
before or after cementation. Ideally, an 
uncemented restoration should be returned to the 
laboratory for reglazing after all adjustments have 
been completed.
It is important to evaluate various polishing 
procedures used for these adjusted surfaces 
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The purpose of glazing is to seal the open pores 
in the surface of fired porcelain. Small air voids 
in the porcelain that are exposed at the surface 
allow the ingress of bacteria and oral fluids and 
act as potential sites for the build-up of plaque.6 
Chairside adjustments of cervical contours or 
occlusal surfaces are sometimes necessary 
that alter the glazed porcelain surface.7 Ideally, 
porcelain restorations should maintain their surface 
glaze so, whenever possible, altered restorations 
should be reglazed in the dental laboratory 
before final cementation without further chairside 
corrections of the restoration surface.8 A break 
in the glazed surface of a cemented restoration 
should not be ignored as well. Depending on the 
location, the rough surface needing adjustment can 
cause accelerated abrasive wear of the opposing 
dentition, or facilitate a greater rate of plaque 
accumulation.9 Reglazing is not possible when the 
adjustment was made after cementation of the 
restoration; therefore, polishing of the restoration is 
the best alternative.10
Poor polishing generates rougher surfaces, 
inducing more plaque accumulation, resulting in 
periodontal tissue inflammation.2 The ultimate goal 
of polishing is the attainment of a well-polished 
surface as a substitute for glazed porcelain.11 So, it 
is important to compare and evaluate the polishing 
procedures of adjusting rough porcelain surfaces 
clinically in terms of ease of use and practicality.7
Streptococci constitute a major population in 
the oral cavity, with several different species 
colonizing the various ecological niches of the 
mouth.12 Of them, S. mutans and S. sobrinus 
have been the most frequently isolated species 
from the oral cavity.13 S. mutans are considered 
to be cariogenic because they have the 
capacity to synthesize adhesive glucans that 
enable the bacteria to adhere to even a smooth 
surface such as enamel or a restoration.14 
Although streptococci may be associated with 
a healthy periodontium, their presence leads to 
coaggeregation by periodontopathic bacteria, 
i.e., Porphyromonas gingivalis and Actinobacillus 
actinomycetemcomitamns (Aa).15
The aim of the present in vitro study was to 
evaluate the effect of surface roughness of glazed 
or polished porcelain on the adhesion of oral 
Streptococcus mutans.
to achieve a finished surface that as closely 
as possible approximates the quality of glazed 
porcelain.
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Introduction
Metal-ceramic crowns and bridges are commonly 
used in fixed prosthodontics because of their 
excellent biocompatibility and superior esthetic 
qualities.1 A risk of caries incidence should be 
negligible for a full-coverage restoration, but 
much attention has been given to the health of 
the adjacent gingival tissues.2 Special attention 
needs to be paid to the assessment of ceramic 
materials that come in contact with periodontal 
tissues such as the pontics of fixed prostheses 
coming in contact with gingival tissue.3 The 
surface smoothness of the ceramic materials is 
a key factor for long-standing dental restorations 
because it directly influences the cleanability and 
the retention of microbes.4 Surface roughness 
is an important factor influencing the amount 
of plaque accumulation2 because bacterial cell 
attachment is expected to increase with an 
increase of the porcelain surface roughness.5
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The metal surfaces of all disk specimens were 
covered by tape to prevent bacterial adhesion on 
these surfaces, then attached to orthodontic wire 
to hold and stabilize each specimen in the broth 
to facilitate disk immersion and removal. Each 
specimen was inserted in 5 ml of brain heart 
infusion (BHI) broth containing 5% sucrose and 
was completely covered by the broth as shown in 
Figure 1. The specimens were then sterilized in 
an autoclave for 20 minutes at 121°C.
The test tubes were then inoculated with 2% 
bacterial isolates removed from the MSB agar. 
Immediately after bacterial inoculation, the test 
tubes were incubated aerobically for 24 hours at 
37°C. Upon removal of them from the BHI broth, 
the tape covering the metal surface was removed 
from the specimens. Then the specimens were 
transferred to sterile saline solution and vortexed 
for 1 minute using a vortex mixer.
Serial dilutions were performed as depicted in 
Figure 2 by transferring 0.1 ml to 0.9 ml of sterile 
saline solution. The inoculums were chosen to be 
withdrawn from the third dilution (10-3) because 
a readable count of bacteria can be seen on the 
agar surface at this dilution as determined by a 
pilot study.
Aliquots of 0.1 ml from the selected dilution 
were plated onto MSB agar plates using a 
sterile microbiological spreader and incubated 
anaerobically at 37°C for 48 hours, followed 
by 24 hours of aerobic incubation at the same 
temperature. The number of colonies were 
Methods and Materials
Metal-ceramic specimens used in this study were 
fabricated in the forms of disks (2.5 mm thick 
and 12 mm in diameter). Sheets of 0.5 mm thick 
modeling base plate wax were used to prepare 
80 wax patterns to cast the disks. VITA VMK 
95 (Vita Zahnfabric, Bad Säckingen, Baden-
Württemberg, Germany) and MAJOR (MajorDent, 
Moncalieri, Torino, Italy) were two types of 
porcelain materials used for the fabrication of the 
porcelain component of the disk and fired in a 
porcelain furnace according to the manufacturer’s 
recommended firing chart.
All specimens were then abraded before surface 
finishing with diamond burs to simulate a clinical 
adjustment. Every 40 metal-ceramic specimens 
made from the same type of porcelain were 
divided randomly into four groups according to the 
method of surface finishing as follows:
•	 Group A: polished with silicon polishing burs 
using a low-speed handpiece for 10 seconds 
at 35,000 rpm.
•	 Group B: polished with 240-grit sandpaper 
attached to a mandrel bur in a form of disks 
using a low-speed handpiece for 10 seconds 
at 35,000 rpm.
•	 Group C: sandblasted using aluminum oxide 
(particle size 50 µm) for 20 seconds at a 
pressure of 3 bars and mounted at a distance 
of 50 mm from the sandblaster nozzle tip with 
a special holder fixed inside the machine.16
•	 Group D: glazed by adding glaze material and 
firing the specimens in the porcelain furnace.
The average value of surface roughness (Ra-
µm) of all specimens was measured using a 
profilometer. The profilometer measured each 
specimen in three areas of the disk with a 
maximum travel distance of 11 mm. The average 
value was recorded.
The S. mutans was obtained by collecting an 
unstimulated whole saliva (UWS) sample from 
a young volunteer using a spitting method. The 
saliva sample was dispersed using a vortex mixer 
for 2 minutes then 0.1 ml was spread in duplicate 
on the MSB agar media. The media plates were 
then incubated anaerobically using a gas pack for 
48 hours at 37°C, then aerobically for 24 hours at 
room temperature.
Figure 1. The disk specimens in BHI broth 
for the bacterial adhesion test.
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significant differences between the two types 
of porcelain used in relation to both surface 
roughness and bacterial adhesion for all methods 
of surface finishing. S. mutans colonies grew 
on the MSB agar plates as highly adherent 
convex, raised, light-blue colonies with a frosted-
glass appearance and either a rough or smooth 
surface. Gram staining was used to confirm the 
diagnosis of S. mutans. Gram positive spherical 
or ovoid cells arranged in short- or medium-
length chains are indicative of the isolation 
of streptococci cells. In addition, biochemical 
tests were used to verify the identification of S. 
mutans. All colonies of S. mutans were catalase 
negative and had the ability to ferment mannitol.
The statistical analyses revealed a positive 
correlation between the surface roughness 
value and the amount of S. mutans bacteria 
that adhered to each porcelain surface that was 
finished using one of the four types of surface 
finishing methods. The relationship between 
the Ra value and the bacterial count for all 
the surface finishing methods was significant 
(Pearson correlation r=0.813, p=0.003; p<0.05).
Discussion
The results of the study reflect a genuine 
relationship between the surface roughness of 
porcelain and bacterial adhesion. This can be 
explained by the fact that a rough surface has 
counted taking into consideration the dilution 
factor (Number of colonies × Inverse of the 
dilution) and expressed as colony forming units of 
S. mutans (CFU × 103).
MSB agar is the selective medium for the 
cultivation of Streptococcus mutans. The 
selective property is determined by the addition 
of optimum levels of sucrose and bacitracin to 
the mitis salivarius agar composition for effective 
inhibition of bacteria other than S. mutans since it 
is relatively resistant to high concentration of both 
sucrose and bacitracin.17
Results
The results of the profilometric study are 
illustrated in Figure 3. The surface obtained 
by glazing was the smoothest, followed by the 
surface polished by 240-grit sandpaper, then 
the surface polished with a silicon polishing 
bur (Quayle Dental, Worthing, West Sussex, 
England). The surfaces of specimens that were 
sandblasted were the roughest.
The quantity of bacteria that adhered to the 
porcelain specimens is shown in Figure 4. The 
glazed surface exhibited the least amount of 
bacterial adhesion compared to other methods of 
surface treatment.
The findings of the study showed there were no 
Figure 2. Serial dilutions in saline.
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Another explanation to the effect of surface 
roughness on the attachment of biofilm bacteria 
is that more or less “surface” is available for 
bacterial attachment and more or less protection 
is provided for colonizing bacteria.19,20
Less plaque adhesion might suggest a clinically 
smoother surface. Therefore, measuring the 
amount of plaque accumulation on the porcelain 
restoration could be a good index for judging 
whether the respective polishing method can 
achieve less plaque adhesion. The glazed 
irregularities inducing adhesion of bacteria and 
other substances. These superficial defects such 
as voids and microcracks on the subsurface of 
porcelain serve as possible sites for bacterial 
adhesion and colonization.2 Initial colonization of 
bacteria can easily occur in the depth of surface 
irregularities and it is difficult to completely 
remove plaque from these grooves that facilitate 
reaccumulation.18 Voids or pores can present even 
on the subsurface of smooth porcelain surfaces 
and bacterial adhesion to the glazed porcelain 
surfaces can be attributed to these defects.2
Figure 3. Bar chart according to the mean values of surface roughness in µm.
Figure 4. Bar chart according to the mean values of bacterial count in 
CFU × 103.
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adhesion among the four surface finishing 
methods used. From a biologic point of view, 
glazing is a more acceptable way to finish the 
surface of porcelain.
Clinical Significance
Chairside adjustments of the cervical contour 
or occlusal surface of porcelain restorations are 
sometimes necessary before or after cementation. 
Ideally, an uncemented restoration should be 
returned to the laboratory for reglazing after all 
adjustments have been completed.
It is important to evaluate various polishing 
procedures used for these adjusted surfaces 
to achieve a finished surface that as closely 
as possible approximates the quality of glazed 
porcelain.
References
1. Özcan M. Fracture reasons in ceramic-fused-
to-metal restorations. J Oral Rehabil. 2003; 
30(3):265-9.
2. Kawai K, Urano M, Ebisu S. Effect of surface 
roughness of porcelain on adhesion of bacteria 
and their synthesizing glucans. J Prosthet Dent. 
2000; 83(6):664-7.
3. Waerhaug J. Presence or absence of plaque 
on subgingival restorations. Scand J Dent Res. 
1975; 83(1):193-201.
4. Wataha JC. Principles of biocompatibility for 
dental practitioners. J Prosthet Dent. 2001; 
86(2):203-9.
5. Pereira da Silva CH, Vidigal GM Jr, de 
Uzeda M, de Almeida Soares G. Influence 
of titanium surface roughness on attachment 
of Streptococcus sanguis: an in vitro study. 
Implant Dent. 2005; 14(1):88-93.
6. van Noort R. Introduction to dental materials. 
2nd ed. England: Mosby; 2002.
7. Klausner LH, Cartwright CB, Charbeneau GT. 
Polished versus autoglazed porcelain surfaces. 
J Prosthet Dent. 1982; 47(2):157-62.
8. Magne P, Oh WS, Pintado MR, DeLong R. 
Wear of enamel and veneering ceramics after 
laboratory and chairside finishing procedures. J 
Prosthet Dent. 1999; 82(6):669-79.
9. Newitter DA, Schlissel ER, Wolff MS. An 
evaluation of adjustment and postadjustment 
porcelain surface was the smoothest and 
showed a significant difference in roughness 
value compared to the sandpaper and silicon 
bur polishing method and a highly significant 
difference compared with the sandblasted 
porcelain surface.
The application of glazing material after grinding 
will eliminate various defects and flaws from the 
treated porcelain surface, causing an increase in 
smoothness of the surface.
The sandpaper used in the study was adopted 
for obtaining a flat, uniform surface with no 
undulations. Using finer grit can obtain a 
smoother porcelain surface.2 The highest surface 
roughness values in the sandblasted specimens 
were related to the impact of the sand particles 
with the surface. This created an array of deep 
grooves and valleys around the impact site, which 
increased the roughness values. The cracking 
associated with such treatment leads to the 
development of median, radial, and lateral cracks. 
The lateral cracks result in material removal and 
the resultant surface roughness.16
Conclusions
Under the conditions of this in vitro study, the 
following conclusions can be drawn:
1. A positive correlation was found between the 
surface roughness value of porcelain and 
the amount of S. mutans adhesion to these 
surfaces irrespective of the material type and 
the surface finishing method used.
2. Glazed porcelain was the smoothest surface 
and exhibited the least amount of S. mutans 
7The Journal of Contemporary Dental Practice, Volume 10, No. 6, November 1, 2009
©2009 Seer Publishing LLC
19. Auschill TM, Arweiler NB, Brecx M, Reich E, 
Sculean A, Netuschill L. The effect of dental 
restorative materials on dental biofilm. Eur J 
Oral Sci. 2002; 110(1):48-53.
20. Quirynen M, Marechal M, Busscher HJ, 
Weerkamp AH, Darius PL, van Steenberghe 
D. The influence of surface free energy and 
surface roughness on early plaque formation. 
An in vivo study in man. J Clin Periodontol. 
1990; 17(3):138-44.
About the Authors
Maan Ibrahim Al-Marzok, BDS, MSc 
(Corresponding Author)
Dr. Al-Marzok is an Assistant 
Professor in the Department of 
Restorative Dentistry of the Faculty 
of Dentistry at the International 
Islamic University Malaysia. 
His research interests include 
conservative dentistry, dental materials, and 
dental education.
e-mail:  maanalmarzok@hotmail.com
Haitham Al-Azzawi, BDS, MSc
Dr. Al-Azzawi is a Professor and 
Ex-head of the Department of 
Conservative Dentistry at Baghdad 
University in Baghdad, Iraq. He 
received his dental degree from 
the same institution in 1973, then 
received his Master degree in 1979 from the 
State University of New York at Buffalo, NY, USA. 
His research interests are related to operative 
dentistry and fixed prosthodontics.
e-mail:  mustafaazzawi@yahoo.co.in
finishing techniques on the surface of 
porcelain-bonded-to-metal crowns. J Prosthet 
Dent. 1982; 48(4):388-95.
10. Wright MD, Masri R, Driscoll CF, Romberg E, 
Thompson GA, Runyan DA. Comparison of 
three systems for the polishing of an ultra-low 
fusing dental porcelain. J Prosthet Dent. 2004; 
92(5):486-90.
11. Kelly JR, Nishimura I, Campbell SD. Ceramics 
in dentistry: historical roots and current 
perspectives. J Prosthet Dent. 1996; 75(1):18-
32.
12. Hamada S, Masuda N, Kotani S. Isolation and 
serotyping of Streptococcus mutans from teeth 
and feces of children. J Clin Microbiol. 1980; 
11(4):314-8.
13. Ahn SJ, Lim BS, Yang HC, Chang YI. 
Quantitative analysis of the adhesion of 
cariogenic streptococci to orthodontic metal 
brackets. Angle Orthod. 2005; 75(4):666-71.
14. Köhler B, Krasse B. Human strains of mutans 
streptococci show different cariogenic 
potential in the hamster model. Oral Microbiol 
Immunol. 1990; 5(4):177-80.
15. Steinberg D, Sela MN, Klinger A, Kohavi D. 
Adhesion of periodontal bacteria to titanium, 
and titanium alloy powders. Clin Oral Implant 
Res. 1998; 9(2):67-72.
16. Albakry M, Guazzato M, Swain MV. Effect of 
sandblasting, grinding, polishing and glazing 
on the flexural strength of two pressable 
all-ceramic dental materials. J Dent. 2004; 
32(2):91-9.
17. Gold OG, Jordan HV, van Houte J. A selective 
medium for Streptococcus mutans. Arch Oral 
Biol. 1973; 18(11):1357-64.
18. Quirynen M, van der Mei HC, Bollen CM, 
Schotte A, Marechal M, Doornbusch GI, 
Naert I, Busscher HJ, can Steenberghe D. An 
in vivo study of the influence of the surface 
roughness of implants on the microbiology of 
supra- and subgingival plaque. J Dent Res. 
1993; 72(9):1304-9.
